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(57) ABSTRACT 
Example embodiments of the invention may provide systems 
and methods for multiple transformers. The systems and 
methods may include a first transformer that may include a 
first primary winding and a first secondary winding, where 
the first primary winding may be inductively coupled to the 
first secondary winding, where the first transformer may be 
associated with a first rotational current flow direction in the 
first primary winding. The systems and methods may further 
include a second transformer that may include a second pri-
mary winding and a second secondary winding, where the 
second primary winding may be inductively coupled to the 
second secondary winding, where the second transformer 
may be associated with a second rotational current flow direc-
tion opposite the first rotational current flow direction in the 
second primary winding, where a first section of the first 
primary winding may be positioned adjacent to a second 
section of the second primary winding, and where the adja-
cent first and second sections may include a substantially 
same first linear current flow direction. 
20 Claims, 9 Drawing Sheets 
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COMPACT MULTIPLE TRANSFORMERS 
FIELD OF INVENTION 
The invention relates generally to transformers, and more 
particularly, to systems and methods for compact multiple 
transformers. 
BACKGROUND OF THE INVENTION 
2 
input ports, and receiving a second input source at the second 
input ports to provide a second rotational current flow direc-
tion opposite the first rotational current flow direction in the 
second primary winding. A first section of the first primary 
winding may be positioned adjacent to a second section of the 
second primary winding, where the adjacent first and second 
sections include a substantially same linear current flow 
direction. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 
According to the fast growth of semiconductor technology, 
many blocks and functions have been integrated on a chip as Having thus described the invention in general terms, ref-
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 
FIGS. lA-lC illustrates example compact multiple trans-
formers, according to an example embodiments of the inven-
tion. 
a System-On-Chip (SOC) technology. In the semiconductor 
technology, a monolithic transformer requires a significant 
amount of space. Moreover, the monolithic transformer 15 
requires a minimum of 50-µm spacing from other circuitry to 
prevent undesirable magnetic coupling or loss of magnetic 
flux. Accordingly, the total size of multiple transformers is 
large and increases manufacturing cost, chip size, and pack-
FIG. 2 illustrates an example compact multiple transform-
ers application for parallel inter-stage networks using mul-
20 tiple transformers, according to an example embodiment of 
the invention. 
age size. 
BRIEF SUMMARY OF THE INVENTION 
Example embodiments of the invention may provide for 
compact multiple transformers, where each transformer of 25 
the multiple transformers may include a primary winding and 
a secondary winding. A first transformer may be coupled to at 
least one other second transformer, where the first outer metal 
lines of the first transformer may be coupled to the second 
outer metal lines of the at least one other second transformer, 30 
where the first outer metal lines and the second outer metal 
FIG. 3 illustrates example compact multiple transformers 
having one or more windings with multiple turns, according 
to an example embodiment of the invention. 
FIG. 4 illustrates example compact multiple transformers 
with DC biasing through center taps, according to an example 
embodiment of the invention. 
FIG. 5 illustrates example compact multiple transformers 
with tuning blocks through center taps, according to an 
example embodiment of the invention. 
FIG. 6A-6C illustrate example schematic diagrams of 
example tuning blocks in accordance with example embodi-
ments of the invention. 
lines may provide for a same current flow direction. The same 
current flow direction may increase magnetic flux, induc-
tance, and/or quality factor of the transformers. FIG. 7 illustrates an example planar structure for imple-
35 menting the multiple transformers, according to an example 
embodiment of the invention. 
According to an example embodiment of the invention, 
there may be system for multiple transformers. The system 
may include a first transformer that may include a first pri-
mary winding and a first secondary winding, where the first 
primary winding may be inductively coupled to the first sec-
ondary winding, where the first transformer may be associ- 40 
ated with a first rotational current flow direction in the first 
primary winding. The system may also include a second 
transformer that may include a second primary winding and a 
second secondary winding, where the second primary wind-
ing may be inductively coupled to the second secondary 45 
winding, where the second transformer may be associated 
with a second rotational current flow direction opposite the 
first rotational current flow direction in the second primary 
winding, where a first section of the first primary winding 
may be positioned adjacent to a second section of the second 50 
primary winding, wherein the adjacent first and second sec-
tions may include a substantially same first linear current flow 
direction. 
According to another example embodiment of the inven-
tion, there may be a method for providing multiple transform- 55 
ers. The method may include providing a first transformer 
that may include a first primary winding and a first secondary 
winding, where the first primary winding may be inductively 
coupled to the first secondary winding, wherein the first pri-
mary winding is coupled to first input ports, and receiving a 60 
first input source at the first input ports to provide a first 
rotational current flow direction in the first primary winding. 
The method may also include providing a second transformer 
that may include a second primary winding and a second 
secondary winding, where the second primary winding may 65 
be inductively coupled to the second secondary winding, 
where the second primary winding may be coupled to second 
FIG. 8 illustrates an example stacked structure for imple-
menting the multiple transformers, according to an example 
embodiment of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 
Example embodiments of the invention now will be 
described more fully hereinafter with reference to the accom-
panying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, these inventions may be 
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather, 
these embodiments are provided so that this disclosure will 
satisfy applicable legal requirements. Like numbers refer to 
like elements throughout. 
FIG. lA illustrates example compact multiple transform-
ers, including a first transformer 101 and a second trans-
former 102, according to an example embodiment of the 
invention. As shown in FIG. lA, the example compact mul-
tiple transformers may include a first transformer 101 that 
includes a primary winding 111 and a secondary winding 
112. The primary winding 111 may receive input signals from 
a first input port 103 that may receive a positive input signal 
and a second input port 104 that may receive a negative input 
signal. According to an example embodiment of the inven-
tion, the primary winding 111 may be inductively coupled to 
the secondary winding 112. The secondary winding 112 may 
provide output signals to a first output port 107 providing a 
positive output signal and a second output port 108 providing 
a negative output signal. As shown in FIG. lA, the outer 
primary winding 111 may encapsulate or surround one or 
US 7,812,701 B2 
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more portions of the inner secondary winding 112. One or 
more wire-bond, via, or other electrical connections 120a, 
120b may be used to route the output ports 107, 108 of the 
secondary winding 112 around the primary winding 111. For 
example, connection 120a may be used to electrically con-
nect a first portion of the secondary winding 112 to the first 
output port 107, and connection 120b may be used to electri-
cally connect a second portion of the secondary winding 112 
to the second output port 108. 
Similarly, the example compact multiple transformers of 10 
FIG. lA may also include a second transformer 102 that may 
include a primary winding 113 and a secondary winding 114. 
The primary winding 113 may receive input signals from a 
first input port 105 that may receive a negative input signal 
and a second input port 106 that may receive a positive input 15 
signal. According to an example embodiment of the inven-
tion, the primary winding 113 may be inductively coupled to 
the secondary winding 114. The secondary winding 114 may 
provide output signals to a first output port 109 providing a 
positive signal output and a second output port 110 providing 20 
a negative signal output. As shown in FIG. lA, the outer 
primary winding 113 may encapsulate or surround one or 
more portions of the inner secondary winding 114. One or 
more wire-bond, via, or other electrical connections 121a, 
121b may be used to route the output ports 109, 110 of the 25 
secondary winding 114 around the primary winding 113. For 
example, connection 121a may be used to electrically con-
nect a first portion of the secondary winding 114 to the first 
output port 109, and connection 121b may be used to electri-
cally connect a second portion of the secondary winding 114 30 
to the second output port 110. 
According to an example embodiment of the invention, the 
first transformer 101 and the second transformer 102 may be 
spiral-type transformers, although other types of transform-
ers may be utilized as well. It will also be appreciated that the 35 
primary windings 111, 113 and the secondary windings 112, 
114 may be fabricated or otherwise patterned as conductive 
lines or traces using one or more metal layers provided on one 
or more semiconductor substrates. As an example, the metal 
layers may be comprised of copper, gold, silver, aluminum, 40 
nickel, a combination thereof, or yet other conductors, met-
als, and alloys, according to an example embodiment of the 
invention. According to an example embodiment of the inven-
tion, the transformers 101, 102 may be fabricated with other 
devices on the same substrate. For example, transistors, 45 
inductors, capacitors, resistors, and transmission lines may be 
fabricated with the transformers 101, 102 on the same sub-
strate. 
4 
through the adjacent primary winding sections may be pro-
vided in the same linear direction in order to magnetically 
couple the first transformer 101 to the second transformer 102 
through the adjacent primary winding sections. In order for 
the adjacent primary winding sections to have the substan-
tially the same linear current flow direction, the rotational 
current flow in the primary winding 111 may be provided in 
a first rotational direction while the rotational current flow in 
the primary winding 113 may be provided in a second rota-
tional direction that is different from or opposite the first 
rotational direction. For example, by providing the primary 
winding 111 with a clockwise rotational current flow direc-
tion, the linear current flow in the bottom section of the 
primary winding 111 may be a right-to-left linear current flow 
direction. The adjacent top section of the primary winding 
113 may likewise be provided with a right-to-left linear cur-
rent flow direction by providing the primary winding 113 
with a counterclockwise rotational current flow direction. 
To provide the primary winding 111 with the clockwise 
rotational current flow direction, the first input port 103 may 
be provided with a positive input signal and the second input 
port 104 may be provided with a negative input signal, 
according to an example embodiment of the invention. On the 
other hand, to provide the primary winding 105 with the 
counterclockwise rotational current flow direction, the first 
input port 105 may be provided with a negative input signal 
and the second input port 106 may be provided with a positive 
input signal, according to an example embodiment of the 
invention. 
In FIG. lA, both the input ports 103, 104 for the first 
transformer 101 as well as the input ports 105, 106 for the 
second transformer 102 may be located on a left side of a 
compact layout according to an example embodiment of the 
invention. The output ports 107, 108 for the first transformer 
101 as well as the output ports 109, 110 for the second 
transformer 102 may be located on a right side of the compact 
layout, according to an example embodiment of the inven-
tion. However, it will be appreciated that the locations of the 
input ports and output ports may also be a varied or otherwise 
reassigned according to an example embodiment of the 
invention. For example, the input ports of the transformers 
may be reassigned to provide the same current flow direction 
of the adjacent outer sections of the primary windings. Like-
wise, the output ports of transformers may be reassigned to 
provide the same current flow direction of the adjacent outer 
sections of the primary windings. 
As an example, FIG. lB illustrates a compact layout where 
the input ports 107, 108 for the first transformer 101 and the 
input ports 109, 110 for the second transformer 102 may be In FIG. lA, the first transformer 101 and the second trans-
former 102 may be placed adjacent to each other according to 
a compact layout, according to an example embodiment of 
the invention. For example, a first section (e.g., a bottom 
section) of the primary winding 111 may be placed adjacent 
to a second section (e.g., a top section) of the primary winding 
113 with a small separation distance. According to an 
example embodiment of the invention, the separation dis-
tance between the first section of the primary winding 111 and 
the adjacent second section of the primary winding 113 may 
50 provided on a left side of the respective transformers 101, 
102. However, the output ports 107, 108 for the first trans-
former 101 may be relocated to a top side of the first trans-
former 101 while the output ports 109, 110 for the second 
transformer 102 may be relocated to a bottom side of the 
be less than 50 µm, perhaps in the range of minimum spacing 
to 15 µm (e.g., perhaps 0.01-6 µm) for a highly compact 
layout or in the range of 15-30 µm (e.g., perhaps 12-14 µm) 
for a slightly less compact layout. Other spacing ranges may 
also be utilized without departing from example embodi-
ments of the invention. 
55 second transformer 102. As another example, FIG. lC illus-
trates a compact layout where the input ports 103, 104 for the 
first transformer 101 may be provided on a top side of the first 
transformer 101 while the input ports 105, 106 may be pro-
vided on a bottom side of the second transformer 102. The 
60 output ports 107, 108 for the first transformer 101 as well as 
the output ports 109, 110 may be placed on a right side of the 
respective transformers 101, 102. It will be the input ports and 
the output ports may be reassigned to various other locations 
As shown in FIG. lA, when the bottom section of the 65 
primary winding 111 is adjacent to the top section of the 
primary winding 113, the linear direction of the current flow 
without departing from example embodiments of the inven-
tion. 
According to an example embodiment of the invention, the 
first and second transformers 101, 102 may have substantially 
US 7,812,701 B2 
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symmetrical or mirrored structures. The symmetrical or mir-
rored structures may provide for good balancing of signals, 
according to an example embodiment of the invention. In an 
example embodiment of the invention, the line of symmetry 
may be defined according to a line between the adjacent 
sections of the first transformers 101, 102. 
FIG. 2 illustrates an example application for compact mul-
tiple transformers, according to an example embodiment of 
the invention. In FIG. 2, there may be a plurality of amplifier 
blocks 241, 242, 243. According to an example embodiment 
of the invention, the amplifiers blocks 241, 242, 243 may be 
provided as parallel blocks. 
6 
As discussed above, the primary winding 203 of the second 
transformer 208 may be magnetically coupled to both the first 
and third transformers 207, 209. However, to do so, the pri-
mary winding 203 of the second transformer may be provided 
with a first rotational current flow direction while the primary 
windings 201, 205 of the first and third transformers 207, 209 
may be provided with a second rotational current flow direc-
tion different from or opposite the first rotational current flow 
direction. For example, the second primary winding 203 may 
10 be provided with a counterclockwise rotational current flow 
direction, thereby providing for a right-to-left linear current 
flow direction in its top section and a left-to-right linear 
current flow in its bottom section, according to an example 
embodiment of the invention. On the other hand, the first and 
The first amplifier block 241 may include a first-stage 
amplifier 211, a transformer 207, and a second-stage ampli-
fier 212, according to an example embodiment of the inven-
tion. Likewise, the amplifier block 242 may include a first-
stage amplifier 213, a transformer 208, and a second-stage 
amplifier 214, according to an example embodiment of the 
invention. The amplifier block 243 may include a first-stage 
amplifier 215, a transformer 209, and a second-stage ampli- 20 
fier 216. According to an example embodiment of the inven-
tion, the transformers 207, 208, 209 may be operative for 
inter-stage matching between a first and second electronic 
circuit blocks or first and second RF circuit blocks. For 
example, the transformers 207, 208, 209 may be operative for 
inter-stage matching between the respective first-stage ampli-
fier 211, 213, 215 and the respective second-stage amplifier 
212, 214, 216, according to an example embodiment of the 
15 third primary windings 201, 205 may be provided with a 
clockwise rotational current flow direction, thereby providing 
for a left-to-right linear current flow direction in their respec-
tive top sections and a right-to-left linear current flow direc-
tion in their respective bottom sections. 
It will be appreciated that in order to provide the second 
primary winding 203 with first rotational current flow direc-
tion (e.g., counterclockwise), the first input port 222 may be 
connected to a negative input signal while the second input 
port 223 may be connected a positive input signal. On the 
25 other hand, the first input ports 220, 224 and the second input 
ports 221, 225 for the first and third primary windings 201, 
205 may be connected with an opposite polarities than that for 
the second primary winding 203. For example, the first input 
ports 220, 224 may be connected to a positive input signal invention. 
In FIG. 2, the first transformer 207 may be comprised of a 
primary winding 201 that encapsulates or surrounds one or 
more sections of the secondary winding 202. The second 
transformer 208 may be comprised of a primary winding 203 
that encapsulates or surrounds one or more sections of the 
secondary winding 204. Likewise, the third transformer 209 
may be comprised of a primary winding 205 that encapsulates 
or surrounds one or more sections of the secondary winding 
206. 
As shown in FIG. 2, the transformers 207, 208, 209 may be 
positioned according using compact layout in which the first 
transformer 207 and the third transformer 209 may sandwich 
the second transformer 208. According to an example 
embodiment of the invention, the separation distance 
between the adjacent sections of the primary windings 201, 
203, 205 may be minimized to provide the compact layout. 
For example, the separation distance between adjacent sec-
tions of primary windings 201, 203, 205 may be less than 50 
µm, perhaps in the range of minimum spacing to 15 µm (e.g., 
perhaps 0.01-6 µm) for a highly compact layout or in the 
range of 15-30 µm (e.g., perhaps 12-14 µm) for a slightly less 
compact layout. Other spacing ranges may also be utilized 
without departing from example embodiments of the inven-
tion. 
In FIG. 2, the bottom section of the first primary winding 
201 may have the same linear current flow direction (e.g., 
right-to-left current flow) as the top section of the second 
primary winding 203. Thus, the bottom section of the first 
primary winding 201 may be magnetically coupled to the top 
section of the second primary winding 203, according to an 
example embodiment of the invention. Similarly, the bottom 
section of the second primary winding 208 may have the same 
linear current flow direction (e.g., left-to-right current flow) 
as the top section of the third primary winding 205. Accord-
ingly, the bottom section of the second primary winding 203 
may be magnetically coupled to the top section of the third 
primary winding 205. 
30 while the second input ports 221, 225 may be connected to a 
negative input signal. According to an example embodiment 
of the invention, the first-stage amplifiers 211, 213, 215 may 
be connected such as to provide the required negative or 
positive input signals to the respective first input ports 220, 
35 222, 224 and second input ports 221, 223, 225. 
Still referring to FIG. 2, the first output port 228 for the 
second transformer 208 may be provided with a negative 
output signal while the second output port 229 may be pro-
vided with a positive output signal, according to an example 
40 embodiment of the invention. On the other hand, the first 
output ports 226, 230 for the first and third transformers 207, 
209 may be provided with a positive output signal while the 
second output ports 227, 231 may be provided with a negative 
output signal, according to an example embodiment of the 
45 invention. The second-stage amplifiers 212, 214, 216 may 
receive the negative or positive output signals from the 
respective first output ports 226, 228, 230 and second output 
ports 227, 229, 231. Thus, it will be appreciated that the input 
and output ports of the amplifiers may be reassigned accord-
50 ing to current flow direction desired by the transformers, 
according to an example embodiment of the invention. 
FIG. 3 illustrates example compact multiple transformers 
with multi-turn windings, according to an example embodi-
ment of the invention. In particular, FIG. 3 illustrates a first 
55 transformer 305 anda second transformer 306. The first trans-
former 305 may include a primary multi-turn winding 301 
(e.g., 2 or more turns) and a secondary multi-turn winding 
302 (e.g., 2 or more turns), according to an example embodi-
ment of the invention. The primary multi-turn winding 301 
60 may include a plurality ofinner and outer sections 301a-c that 
may be connected by one or more wire-bond, via, or other 
electrical connections, according to an example embodiment 
of the invention. The secondary multi-turn winding 302 may 
include a plurality of inner and outer sections 302a-c that may 
65 be connected by one or more wire-bond, via, or other electri-
cal connections, according to an example embodiment of the 
invention. Similarly, the second transformer 306 may include 
US 7,812,701 B2 
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a primary multi-turn winding 303 (e.g., 2 or more turns) and 
a secondary multi-turn winding 304 (e.g., 2 or more turns), 
according to an example embodiment of the invention. The 
primary multi-turn winding 303 may include a plurality of 
inner and outer sections 303a-c that may be connected by one 
or more wire-bond, via, or other electrical connections, 
according to an example embodiment of the invention. The 
secondary multi-turn winding 304 may include a plurality of 
inner and outer sections 304a-c that may be connected by one 
or more wire-bond, via, or other electrical connections, 10 
according to an example embodiment of the invention. 
According to an example embodiment of the invention, the 
spacing between the adjacent sections 301b, 303a of the 
primary multi-turn windings 301, 303 may be minimized to 
provide a compact layout. For example, the spacing between 15 
the adjacent sections 301b, 303a may be less than 50 µm, 
perhaps in the range of minimum spacing to 15 µm (e.g., 
perhaps 0.01-6 µm) for a highly compact layout or in the 
range of 15-30 µm (e.g., perhaps 12-14 µm) for a slightly less 
compact layout. Other spacing ranges may also be utilized 20 
without departing from example embodiments of the inven-
ti on. 
8 
fed through the one or more respective center tap ports 401-
404. According to an example embodiment of the invention, 
the positions of the center tap ports 401-404 may correspond 
to a middle or symmetrical position of the respective primary 
windings 111, 113 or secondary winding 112, 114. However, 
in another example embodiment of the invention, the posi-
tions of the center tap ports 401-404 may vary from a middle 
or symmetrical position as well. 
FIG. 5 illustrates the example compact multiple transform-
ers of FIG. lA, where the multiple transformers may be 
provided with tuning blocks through center tap ports, accord-
ing to an example embodiment of the invention. As shown in 
FIG. 5, each primary winding 111, 113 may include a respec-
tive center tap port 501, 502. Likewise, each secondary wind-
ing 112, 114 may include a respective center tap port 503, 
504. The center tap ports 501, 502, 503, 504 may be at virtual 
AC grounds when differential signals are provided to respec-
tive input ports 103, 104 and 105, 106. According to an 
example embodiment of the invention, one or more tuning 
blocks 511, 512, 513, 514 may be provided to the respective 
windings 501-504 through respective center tap ports 501-
504. According to an example embodiment of the invention, 
one or more tuning blocks 511-514 may be utilized to tune the 
frequency characteristics of the transformers 101, 102. For 
In FIG. 3, the multi-turn primary winding 301 may be 
provided with a first rotational current direction (e.g., coun-
terclockwise) when the multi-turn primary winding 303 may 
be provided with a second rotational current direction (e.g., 
clockwise) that is opposite the first rotational direction. 
Accordingly, when the bottom section 301b of the multi-turn 
primary winding 301 may have a linear current flow direction 
(e.g., left to right) that may be the same as that for the top 
section 303a of the multi-turn primary winding 303. Accord-
ing to an example embodiment of the invention, the bottom 
section 301b and the top section 303a may be magnetically 
coupled to each other. 
25 example, the tuning blocks 511-514 may be operative to 
control, adjust, filter, or otherwise tune the frequency bands of 
coupling, according to an example embodiment of the inven-
tion. As another example, the tuning blocks 511-514 may be 
resonant circuits that are operative to selectively enhance or 
30 suppress one or more frequency components, according to an 
example embodiment of the invention. According to an 
example embodiment of the invention, the tuning blocks 511-
514 may have arbitrary complex impedances from 0 to infin-
ity for one or more frequency bands. 
FIG. 6A is a schematic diagram of an example tuning 
block, according to an example embodiment of the invention. 
As shown in FIG. 6A, the tuning block may be a resonant 
circuit comprised of a capacitive component 601 and an 
inductive component 602 connected in series, according to an 
In order to provide the first multi-turn primary winding 301 35 
with the first rotational current direction, the primary multi-
turn winding 301 may receive input signals from a first input 
port 310 that receives a negative input signal and a second 
input port 311 that receives a positive input signal. The sec-
ondary multi-turn winding 302 may provide output signals at 40 example embodiment of the invention. The port 600 of the 
resonant circuit may be connected to a center tap port of a 
primary and/or a secondary winding, according to an example 
embodiment of the invention. The resonant circuit of FIG. 6A 
a first output port 320 providing a negative output signal and 
a second output port 321 providing a positive output signal, 
according to an example embodiment of the invention. 
On the other hand, in order to provide the second multi-turn 
primary winding 303 with the second rotational current direc- 45 
ti on opposite the first rotational current direction, the primary 
multi-turn winding 303 may receive input signals from a first 
input port 312 that receives a positive input signal and a 
second input port 313 that receives a negative input signal. 
The secondary multi-turn winding 304 may provide output 50 
signals at a first output port 322 providing a positive output 
signal and a second output port 323 providing a negative 
output signal. It will be appreciated that the input ports and 
the output ports may be reassigned to various other locations 
without departing from example embodiments of the inven- 55 
ti on. 
FIG. 4 illustrates the compact layout of FIG. lA where the 
multiple transformers are provided with DC feeds through 
center tap ports, according to an example embodiment of the 
invention. As shown in FIG. 4, each primary winding 111, 60 
113 may include a respective center tap port 401, 402. Like-
wise, each secondary winding 112, 114 may include a respec-
tive center tap port 403, 404. The center tap ports 401, 402, 
403, 404 may be at virtual AC grounds when differential 
signals are provided to respective input ports 103, 104 and 65 
105, 106. According to an example embodiment of the inven-
tion, one or more respective DC bias voltages 411-414 may be 
may have an associated resonant frequency fn 603, according 
to an example embodiment of the invention. 
FIG. 6B illustrates another schematic diagram of an 
example tuning block, according to an example embodiment 
of the invention. As shown in FIG. 6B, the tuning block may 
be a resonant circuit comprised of a capacitive component 
611 in parallel with an inductive component 612. The port 
610 of the resonant circuit may be connected to a center tap 
port of a primary and/or a secondary winding, according to an 
example embodiment of the invention. The resonant circuit 
may have a resonant frequency fn 613, according to an 
example embodiment of the invention. 
FIG. 6C illustrates another schematic diagram of an 
example tuning block, according to an example embodiment 
of the invention. As shown in FIG. 6C, there may be a reso-
nant circuit having a plurality of resonant frequencies such as 
resonant frequencies fnl 627, fn2 628, and fn3 629. For 
example, capacitive component 621 and inductive compo-
nent 622 may be connected in series to provide resonant 
frequency fnl 627. Likewise, capacitive component 623 may 
be connected in series to inductive component 624 to provide 
resonant frequency fn2 628. Additionally, capacitive compo-
nent 625 may be connected in series with inductive compo-
nent 626 to provide resonant frequency fn3 629. The port 620 
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of the resonant circuit may be connected to a center tap port of 
a primary and/or a secondary winding, according to an 
example embodiment of the invention. It will be appreciated 
that while FIG. 6C illustrates a particular configuration for a 
resonant circuit, other embodiments of the invention may 
include varying types of series/parallel resonant circuits with-
out departing from example embodiments of the invention. 
Furthermore, while the tuning blocks are illustrated as being 
connected at the center tap ports, other embodiments of the 
invention may connect the tuning blocks to the primary wind- 1 o 
ings in other locations as well. 
It will be appreciated that the values and parameters of the 
capacitive and inductive components of FIGS. 6A-6C may be 
selected to have one or more desired resonant frequencies. 
Furthermore, the resonant circuits may also include resistive 15 
components as well. According to an example embodiment of 
the invention, the one or more resonant frequencies of the 
tuning block may be operative to filter undesirable harmonics 
or enhance other harmonics at the one or more resonant 
frequencies, thereby controlling the frequencies of coupling. 20 
According to an example embodiment of the invention, the 
layouts for the transformers described herein may be imple-
mented utilizing a planar structure or a stacked structure. 
With a planar structure, the plurality of transformers may be 
placed substantially in the same metal layer. For example, as 25 
shown in the example planar substrate structure of FIG. 7, the 
plurality of transformers may all be fabricated on the same 
first metal layer 702. Routing between input and output ports 
or between sections of the primary/secondary winding may 
be accomplished using one or more via, wire-bond, or other 30 
electrical connections, according to an example embodiment 
of the invention. 
According to another example embodiment of the inven-
tion, the layouts for the transformers may also be imple-
mented utilizing a stacked structure. For example, in the 35 
stacked substrate structure of FIG. 8, a first transformer may 
be formed on metal layer 802 while a second transformer may 
be formed on metal layer 804, according to an example 
embodiment of the invention. Routing between input and 
output ports or between sections of the primary/secondary 40 
winding may be accomplished using one or more via, wire-
bond, or other electrical connections, according to an 
example embodiment of the invention. 
Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the art 45 
10 
tively coupled to the second secondary winding, 
wherein the second transformer is associated with a 
second rotational current flow direction opposite the first 
rotational current flow direction in the second primary 
winding, 
wherein a first section of the first primary winding is posi-
tioned adjacent to a second section of the second pri-
mary winding, wherein the adjacent first and second 
sections include a substantially same first linear current 
flow direction, 
wherein one or more of the first primary winding, first 
secondary winding, second primary winding, or second 
secondary winding include a respective center tap port, 
wherein one or more of the respective center tap ports are 
connected to respective tuning blocks to adjust fre-
quency characteristics of the first transformer or the 
second transformer, the respective tuning blocks com-
prising a respective combination of at least one inductor 
and at least one capacitor. 
2. The system of claim 1, wherein the first rotational cur-
rent flow direction and the second rotational current flow 
direction are chosen from the group consisting of (i) a clock-
wise current flow direction and (ii) a counterclockwise cur-
rent flow direction. 
3. The system of claim 1, wherein the first section of the 
first primary winding and the second section of the second 
primary winding are magnetically coupled to each other. 
4. The system of claim 1, further comprising: 
a third transformer that includes a third primary winding 
and a third secondary winding, wherein the third pri-
mary winding is inductively coupled to the third second-
ary winding, wherein the third transformer is associated 
with the first rotational current flow direction in the third 
primary winding, 
wherein a third section of the third primary winding is 
positioned adjacent to a fourth section of the second 
primary winding, wherein the adjacent third and fourth 
sections include a substantially same second linear cur-
rent flow direction opposite the first linear current flow 
direction. 
5. The system of claim 1, wherein the transformers are 
spiral-type transformers. 
6. The system of claim 1, wherein a separation distance 
between the adjacent first and second sections is in a range of 
0.01 µm to 30 µm. 
7. The system of claim 1, wherein the first and second 
transformers are operative for inter-stage matching. 
to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 
8. The system of claim 1, wherein the first primary wind-
ing, the first secondary winding, the second primary winding, 
50 and the second secondary winding each include one or more 
turns. 
What is claimed is: 55 
1. A system for multiple transformers, comprising: 
a first transformer that includes a first primary winding and 
a first secondary winding, wherein the first primary 
winding encapsulates the first secondary winding, 
wherein the first primary winding is inductively coupled 60 
to the first secondary winding, wherein the first trans-
former is associated with a first rotational current flow 
direction in the first primary winding; and 
9. The system of claim 1, wherein the first transformer and 
the second transformer are substantially symmetrical in struc-
ture. 
10. The system claim 1, wherein eachofthe center tap ports 
defines a virtual ground. 
11. The system of claim 10, wherein one or more of the 
center tap ports are operative to receive bias voltages for the 
respective first or second transformers. 
12. The system of claim 1, wherein each respective com-
bination of at least one inductor and at least one capacitor 
forms a respective resonant circuit for enhancing or suppress-
ing one or more frequency components. 
a second transformer that includes a second primary wind-
ing and a second secondary winding, wherein the second 
primary winding encapsulates the second secondary 
winding, wherein the second primary winding is induc-
13. The system of claim 1, wherein the first and second 
65 transformers are fabricated (i) on a single metal layer accord-
ing to a planar structure, or (ii) on two or more metal layers 
according to a stacked structure. 
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14. The system of claim 1, wherein one or more of the first 
primary winding, first secondary winding, second primary 
winding, and second secondary winding include via connec-
tions or wire-bond connections to avoid overlapping each 
other. 
15. A method for providing multiple transformers, com-
prising: 
12 
wherein the adjacent first and second sections include a 
substantially same linear current flow direction, 
wherein one or more of the first primary winding, first 
secondary winding, second primary winding, or second 
secondary winding include a respective center tap port, 
wherein one or more of the respective center tap ports are 
connected to respective tuning blocks to adjust fre-
quency characteristics of the first transformer or the 
second transformer, the respective tuning blocks com-
prising a respective combination of at least one inductor 
and at least one capacitor. 
providing a first transformer that includes a first primary 
winding and a first secondary winding, wherein the first 
primary winding encapsulates the first secondary wind- 10 
ing, wherein the first primary winding is inductively 
coupled to the first secondary winding, wherein the first 
primary winding is coupled to first input ports; 
16. The method of claim 15, wherein the first rotational 
current flow direction and the second rotational current flow 
direction are chosen from the group consisting of (i) a clock-
15 wise current flow direction and (ii) a counterclockwise cur-
rent flow direction. 
receiving a first input source at the first input ports to 
provide a first rotational current flow direction in the first 
primary winding; 
providing a second transformer that includes a second pri-
mary winding and a second secondary winding, wherein 
the second primary winding encapsulates the second 
secondary winding, wherein the second primary wind- 20 
ing is inductively coupled to the second secondary wind-
ing, wherein the second primary winding is coupled to 
second input ports; 
17. The method of claim 15, wherein the first transformer 
and the second transformer are substantially symmetrical in 
structure. 
18. The method of claim 15, wherein each of the center tap 
ports defines a virtual ground. 
19. The method of claim 15, wherein the transformers are 
spiral-type transformers. 
receiving a second input source at the second input ports to 
provide a second rotational current flow direction oppo-
site the first rotational current flow direction in the sec-
ond primary winding; and 
20. The method of claim 15, wherein each respective com-
25 bination of at least one inductor and at least one capacitor 
forms a respective resonant circuit for enhancing or suppress-
ing one or more frequency components. 
positioning a first section of the first primary winding adja-
cent to a second section of the second primary winding, * * * * * 
